Hypertension is one of the most important healthy problems, and the prevalence is of around 20% of the population (variable in different regions of the world), and the hypertension is one of the most important risk factor for cardiovascular diseases, which are the leading causes of death in developed countries [1, 2] . Both elevation of systolic pressure and diastolic blood pressure shows a continuous relationship with cardiovascular risk of stroke, coronary heart disease, heart failure, renal failure and peripheral arterial disease [3] .
Introduction
Hypertension is one of the most important healthy problems, and the prevalence is of around 20% of the population (variable in different regions of the world), and the hypertension is one of the most important risk factor for cardiovascular diseases, which are the leading causes of death in developed countries [1, 2] . Both elevation of systolic pressure and diastolic blood pressure shows a continuous relationship with cardiovascular risk of stroke, coronary heart disease, heart failure, renal failure and peripheral arterial disease [3] .
Hypertension can cause left ventricular hypertrophy and hyperplasia of the smooth muscle cells and increased production of collagen and elastin tissue. Hypertension represents an increase in cardiac afterload and the compensatory mechanism of is the development of left ventricular concentric hypertrophy. However, unlike hypertrophy which occurs in athletes, the hypertrophy in hypertensive patients occurs with an increase of collagen tissue production, a fact that in the long term leads to left ventricular diastolic dysfunction and secondarily atrial dysfunction by increasing filling pressures predisposing to atrial fibrillation, and in advanced stages systolic dysfunction with dilatation of the cavity and the appearance of heart failure and ventricular arrhythmias [4] . In addition, hypertrophy of the ventricular wall increases the oxygen myocardial demands, which together with the increase incidence of coronary lesions favour myocardial ischemia [5] .
Several studies have found heterogeneous systolic alterations of the left ventricle (in the longitudinal, radial, and circumferential directions) in diverse clinical settings such as diabetes, hypertension, left ventricle hypertrophy, coronary artery disease, and heart failure [4, 6] .
The main aim of our study was focused in the assessment of left ventricular mechanical deformation in 20 patients with systemic arterial hypertension and 21 healthy controls to establish the differences in the left ventricular mechanical deformation.
Materials and Methods
Between March 2016 and February 2017, a comparative, observational, prospective, descriptive and analytical study was carried out in 41 subjects. The patients were evaluated consecutively in the Out-patients Clinic, National Institute of Cardiology "Ignacio Chávez". Twenty patients had systemic hypertension and 21 correspond to healthy controls. All participants signed the informed consent.
Inclusion criteria
Patients older than 18 years NYHA functional class I/II with a diagnosis of systemic hypertension who had not had any prior surgical or interventional procedure and also patients without valvular or myocardial lesion.
Abstract
Background: Systemic arterial hypertension represents the mayor risk factor for several cardiovascular diseases. In a large number of patients it affects the left ventricle by a compensating hypertrophy and posteriorly when this mechanism is insufficient, it leads to heart failure and therefore the patient requires regular echocardiographic monitoring. Subclinical dysfunction of the left ventricle exists even in asymptomatic hypertensive patients with preserved left ventricular ejection fraction.
Objectives:
The main aim of our study was focused in the assessment of left ventricular mechanical deformation in 20 patients with systemic arterial hypertension and 21 healthy controls.
Results: A total of 41 subjects were studied, 22 women and 19 men. The hypertensive group consisted of 20 patients and the healthy control group of 21 subjects. The echocardiographic findings that had significative differences between hypertensive patients and healthy controls were left ventricle mass index, E/A ratio, E/e´ ratio and systolic pulmonary arterial pressure. In patients with hypertension, the radial deformation had a significative reduction, p=0.002, but the longitudinal deformation was statistically decreased (p=0.008), only in the subgroup of hypertensive patients with left ventricular hypertrophy.
Conclusion:
The patients with systemic hypertension require a close follow-up in order to identify the most accurate echocardiographic parameter for diagnosis of subclinical dysfunction. In our study, the global radial deformation was significatively diminished in the hypertensive patients and the global longitudinal deformation was decreased only in the subgroup of hypertensive patients with left ventricular hypertrophy.
Exclusion criteria
All patients with myocardial or valvular lesion or associated congenital heart disease, patients with secondary systemic hypertension, patients with poor acoustic window and patients with poor NYHA functional class. The control group had no clinical symptoms, and the electrocardiogram and echocardiogram were normal. All patients had a complete medical history, twelve-lead resting electrocardiogram, conventional transthoracic echocardiogram following current guidelines and longitudinal, circumferential and radial deformation by speckle tracking [7, 8] .
Echocardiographic study
Conventional transthoracic echocardiographic studies were performed using commercially available equipment Vivid 9, X-clear (GE Vingmed Ultrasound, Horten, Noruega). Ventricular diameters were obtained in the end-diastole and in the end-systole in the parasternal long axis view, and the thickness of the interventricular septum and the posterior wall in end-diastole in the parasternal long axis view, according to the guidelines of the American Society of Echocardiography [7] .
The diastolic function was determined with pulsed Doppler in the apical 4 chamber plane, placing the sample volume at the tip of the mitral valves to measure the E wave and A wave peak velocities and the E/A ratio (diastolic dysfunction was considered when E/A ratio <0.8 or ≥ 2). The velocity of tissue septal wave (e´) was measured by tissue Doppler, placing the sample volume at the basal portion of the interventricular septum. When the E/e ratio >14, it was considered as an increase in the left ventricular filling pressures [7] .
Speckle tracking
Three apical planes: four, three and two chambers, were used for determination of longitudinal deformation and for the radial and circumferential deformation the short axes at the level of the miral valve, papillary muscles and apical. The values of the global longitudinal deformation we took as normal were: ≥ -20%, circumferential deformation ≥ -25% and radial deformation ≥ 40%. The normal value of the twist is 9.9 ± 4.1 degrees and that of the rotation of 1.35°/cm ± 0.54 [8, 9] (Figure 1 ).
Statistical Analysis
Quantitative variables are presented as means ± standard deviation. For comparison of groups and subgroups, when the distribution was normal or Gaussian, Student's t-test was used, otherwise the MannWhitney nonparametric test or sum of ranges was used. Categorical variables were compared using Fisher's exact test. All statistical analyses were performed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Findings were considered statistically significant if p was ≤ 0.05.
Results
A total of 41 subjects were studied, 22 women (53.7%) and 19 men (46.3%), with an average of 43 ± 18 years. The demographic and clinical characteristics of the studied groups are shown in Table 1 .
The echocardiographic findings are shown in Table 2 . Statistically significant differences were found in Left atrial volume, inter-ventricular septum, posterior Wall thickness, left ventricular diastolic diameter, left ventricular relative wall thickness, left ventricle mass index, E/A ratio, E/e´ ratio, systolic pulmonary artery pressure.
The values of longitudinal, radial, circumferential, rotation and twist deformation are shown in Table 3 . Significant changes were observed only in the radial deformation of the left ventricle in patients with systemic hypertension (p< 0.002). Twist and rotation did not show statistical significance in any of the studied groups.
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The global longitudinal deformation of the left ventricle was significantly decreased (p< 0.008) in the subgroup of hypertensive patients with left ventricular hypertrophy.
Discussion
In our study we found that there is significant difference between the control group and hypertensive. In our study, age had a statistically significant difference, because essential systemic arterial hypertension is present in patients in the fourth decade of life. The influence of age on strain is still controversial, some studies described reduced strain with increasing age, and others found no correlation between strains and age [10] [11] [12] .
The 76% of the controls had normal left ventricular geometry and only 24% had concentric remodeling. In contrast, almost all hypertensive patients had concentric remodeling (60%) or concentric hypertrophy (30%) and only 2 patients had normal left ventricular geometry. This change in the left ventricular geometry in hypertensive patients is due to the increase in afterload that is given by systemic hypertension itself [1, 4] .
Our study shows, that the E/A mitral ratio was abnormal in hypertensive patients with impairment of left ventricular relaxation. Impairment of left ventricular filling and increased left ventricular mass index suggest phenotypic alterations at the myocyte level of the hypertensive heart [13, 14] different from physiologic hypertrophy as can be seen in athletes [15] . The E/e´ ratio was significative different between groups, but its values indicate that the left ventricular filling pressures were normal.
In the analysis of left ventricular mechanics between the group of hypertensive and controls a significant reduction in the radial deformation was found. The longitudinal, circumferential and rotational mechanics did not show statistical significance. Unlike, other studies described that the first signs of left ventricular subclinical dysfunction is an increase of the radial deformation as a compensatory mechanism and that later there is a decrease of the radial, circumferential and longitudinal strain.
The mechanism of LV wall thickening in the radial direction is still unclear. LeGrice IJ et al. [16, 17] have shown that myocardial fibers are grouped into lamina three to four cells thick that are interconnected by an extensive extracellular matrix and that longitudinal-radial shear of these sheets is likely to be an important mechanism underlying wall thickening.
In our study the longitudinal deformation showed a significant decrease in the subgroup of hypertensive patients with left ventricular hypertrophy in comparison to those without left ventricular hypertrophy (Table 4) . In left ventricular hypertrophy, there is an increase in the amount of collagen, with a corresponding increment in the width and continuity of fibrillar components of the extracellular matrix, which may disturb wall thickening [18] . This shows that these hypertensive patients with subclinical left ventricular dysfunction determined by a decrease of their global longitudinal deformation should be closely monitored and initiate protective measures to avoid the development of left ventricular failure.
Conclusion
In hypertensive patients the global radial deformation was significatively decreased and the global longitudinal deformation was decreased only in the hypertensive patients with left ventricular hypertrophy.
This speckle tracking gives the physician knowledge of subclinical left ventricular dysfunction in hypertensive patients and allows the establishment of guidelines for initiating treatment to prevent the development of heart failure. 
